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Overview

Global Climate Change
Rapid warming at Poles
Modest warming at mid-latitudes
Less warming at equator

Changes in Precipitation Patterns
Wind patterns (evapotranspiration)
Geographic distribution of rainfall
Volume of rainfall
Timing and periods of rainfall



Overview

Effects on Human Health
Direct morbidity/mortality effects
Indirect morbidity/mortality effects



Three Perspectives

Lake Chad Basin (Niger, Chad, Nigeria, 
Cameroon) (GCC vs. locally-induced 
impacts)

Hurricane Katrina (peak climate event and 
human folly – ignoring the obvious)

China (climate- vs. regionally-induced 
impacts)





Lake Chad Basin (UNDP)

Background:
Among all the major hydrologic basins of 
the world, Lake Chad considered by the 
FAO to be the most adversely affected by 
global climate change
Declined from about 25,000 square 
kilometers in size (1963) to today’s 1,350 
square kilometers



Lake Chad Basin (UNDP)

Study objectives:
Identify environmental risks posed by GCC 
and the nature of those risks, to long-term 
water supply (agricultural, pastoral, and 
fisheries resources) at the level of the 
basin and its sub-basins;
Identify the local level human-induced 
contribution to environmental degradation; 
and,
Provide recommendations and guidance 
on long-term resource management 
policies and priorities at the basin level.













































Lake Chad Basin (UNDP)
Ecosystem Impacts of Rapid Rainfall Decline:

Rapid collapse of lake ecosystems as lake recedes
Increased salinity (favoring species adapted to water 
stress)
Annual grasses replacing perennial grasses (invasive 
species, Typha grasses)
Declining plant biodiversity, absolute decline in total 
vegetative cover
Declining animal, avian and fishery diversity, increased 
fish mortality, loss of spawning beds, shift in the 
distribution of copepods, principal fish species, and 
depression of planktivorous pelagic freshwater fisheries
Increased erosion processes, desertification



Lake Chad Basin (UNDP)
Anthropogenic Contributions

Massive population increase (humans, increasingly, live 
in urban environments, exposed to urban risks)
Massive water mismanagement (dams, irrigation, 
distribution disparities)
Massive acceleration of erosion processes, groundwater 
recession, desertification, pollution, debris 

Health Consequences of Climate Change and 
Human Behavior

Contaminated water resources
Declining wild and domestic plant/animal species 
abundance – diet and health
Direct impacts on food security (starvation)
Direct impacts on human health (e.g., the surge in 
diarrhea, cholera and typhoid fever throughout the basin 
– infectious disease, injuries, mortality, morbidity)



Hurricane Katrina at 
Louisiana Coast

(Landfall: 29 Aug 05, 6:10 am, 
145 mph, Category 4)

Hurricane Katrina at 
Louisiana Coast

(Landfall: 29 Aug 05, 6:10 am, 
145 mph, Category 4)

Hurricane Katrina



Hurricane Katrina Impact Assessment (NOAA)

Study objectives:
Highly-focused in-depth examination of the 
immediate and short-term social and economic 
impacts experienced during the initial months 
following the hurricane (coastal Louisiana, 
Alabama, and Mississippi); 
Documentation of the major financial, material, 
technical, and logistical impediments to 
recovery; and 
Coherent analysis of the prospects for 
recovery – identifying successful and less-
successful methods and approaches across 
the various industry sectors and services, and 
demographic populations.





Massive Erosion
Leveeing and draining has resulted in substantial 
subsidence over the decades.  
Most of New Orleans is below sea level (max. deflation is 
13 feet)
The floods were caused when the levees, with a maximum 
design capacity of Category 3, were overtopped and 
breached, causing complete flooding of New Orleans basin.
Impact of disaster was much greater because of loss of 
storm-buffering protection by wetlands and barrier islands.  
This persistent increase in open water conditions resulted 
in increased storm surge levels.
For the above reasons, Louisiana is probably at a greater 
risk from hurricanes and other flooding events than at any 
other time, or any other state.

Coastal Erosion



Southern Louisiana
(NOAA, Aug. 31, 2005)

Southern Louisiana
(NOAA, Aug. 31, 2005)

Southern Louisiana
(NOAA, Aug. 27, 2005)

Southern Louisiana
(NOAA, Aug. 27, 2005)

Coastal Erosion



New Orleans (true color)  
NOAA: Aug. 31, 2005

New Orleans (true color)  
NOAA: Aug. 31, 2005
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Oil/Chemical Contamination 
NOAA: Aug. 31, 2005

Oil/Chemical Contamination 
NOAA: Aug. 31, 2005



Immediate Health Risks
Potable water (paramount, pervasive water system failure, 
short-term delivery system overpowered, no power to 
boil, and no means of disinfecting water, hygiene 
impossible) 
Food safety (no electricity, refrigerators, microwaves, 
ovens)
Portable power system risks (carbon monoxide in 
confined spaces, downed electrical wire, circuit breaker, 
water-soaked walls and connectors, other electrocution 
hazards, associated fire risks) 
Physical hazards (debris, debris, debris, hazardous 
chemicals, pesticides, industrial wastes everywhere, 
unexpected locations, cannot rely on past experience) 
Flood water exposure, waterborne disease exposures, 
human waste, sewage, hazardous waste, contaminated 
carpets, drapes, soil, dust – everything has been exposed 
to everything – children and household pets at high risk.



Continuing Health Risks

Exposures (mold, dust, Mosquitos/West Nile, 
spiders, infections, diarrhea, asthma triggers, 
and in developing countries, cholera, typhoid, 
malaria)

Persistent cleanup hazards, “like working at a 
waste dump” for weeks and months, in high-
temperature, high-humidity environment.

Pronounced psychological impacts, PTSD, 
persistent triggers for mental illnesses, impacts 
on children potentially profound and long-term.



Global Climate Change and Human Health: China

Study objectives:
Identify the mechanisms by which global 
climate change, of anthropogenic origin, 
primarily in the form of planetary 
temperature increases, affects China’s 
weather patterns; 
Characterize how these changes in 
weather patterns, in turn, give rise to both 
chronic and acute, and direct and indirect, 
effects on human disease, disability, and 
death; and 
Illuminate how these human health effects 
have been, and will be, distributed 
according to existing and growing social 
vulnerabilities.



Terrestrial
Altered distribution of rainfall
Altered timing (initial rains, pattern 
disruptions, early/late final rainfall)
Altered agricultural patterns
Altered natural habitats
Creation of land no longer suitable 
for productive use (desertification) 
due to shifting isotherms and 
isohyets

Alteration of Regional Weather Patterns



Asia Rainfall Anomalies (blue = increase)



Rain
Location
Early / Late
Interrupted
Volume/Severity
Timing/Frequency
Retention

Floods (anticipated)
Drought
Severe events (storms/typhoons)

Alteration of Regional Weather Patterns









Very high vulnerability
8% of China located in the mid- and down stream parts of the 
seven major rivers of the country – all subject to floods.
50% of China’s population live in these areas
665 of total agricultural and industrial product value
Large floods occur once every two years

Death by drowning
Lack of food/water
Loss of crops/infrastructure
Loss of land/livelihood
Collapse of sanitation, storm-water drainage, and sewage 
disposal systems
Transmission of waterborne illnesses through unsafe 
drinking water (increased exposure to waterborne disease 
vectors (viruses, bacteria, worms, infectious disease, malaria, 
etc.)
Added pressure on already overstretched public health 
services
Higher rates of infection/transmission

Flooding

China: Flood Management, Hai-lun, Z. (2005)



Northern plains of China 
45 percent of China's population (heart of Han Chinese 
civilization)
58 percent of its cultivated land
19 percent of the nation's fresh water stocks
Principal source of water: the Yellow River
“Dried up during 21 out of the 27 years between 1972 and 1999.”

Decreased fresh water supplies  
Less water for irrigation  
Less water for human consumption
Less productive harvest   
Overuse of secondary habitats, ecosystems
Forced migration
Malnutrition/starvation
Dehydration
Increased exposure to airborne pollutants  
Increased incidence of respiratory ailments  
Increased exposure to UV radiation  
Skin cancers

Drought

“Drought leaves 18 million thirsty in China,” Xinhua News, August 20, 2006



Solar Energy Reaching Ground 
(black=decline)



Climate change is expected to have wide-ranging 
consequences for human health.
Heat waves are linked to cardiovascular, respiratory, and 
other diseases.
By reducing fresh water supplies, climate changes affect 
water resources and sanitation.
Any increase in the frequency or intensity of extreme 
weather events would pose an immediate threat.
Food security may be undermined in vulnerable regions.
Higher temperatures may alter the geographical 
distribution of species that transmit disease.
Warmer seas could also influence the spread of disease.
People will have to adapt or intervene to minimize these 
enhanced health risks.

Direct Human Health

UNEP, UNFCCC, Williams, M.  (2002). Climate Change Information Kit. Switzerland; 14-14.2.



Increased exposure to waterborne disease vectors 
(viruses, bacteria, worms, infectious disease, malaria, 
etc.)

Higher rates of infection/transmission
Increased exposure to airborne pollutants

Increased incidence of respiratory ailments
Increased exposure to UV radiation

Skin cancers
Immediate effects of typhoons and droughts

Flooding
Lack of food/water
Spread of waterborne diseases

Decreased fresh water supplies
Less water for irrigation
Less water for human consumption
Less productive harvest



Lost crops 
Less food for families 
Less money for economy
Market decline/collapse
Creation of need to import grain, and the world consequences
Polarization between people in rural and urban areas
Forced migration – against social and cultural impediments 
(linguistic, cultural, social, e.g., Chernobyl)  
Linguistic and other social vulnerabilities 
Disruptions in access to markets 
Mobility, access to emergency and preventative care
Political responses/miscalculations  
Inability to respond to disasters of proportions previously unseen
Costs of disaster response/management
Costs of subsidies and aid to rural families
Disproportionate impacts to most vulnerable (poor, elderly, 
children, handicapped)

Social/Economic Vulnerabilities





2000-2100 Climate projection



Conclusions
Global climate change (GCC) will 
dramatically affect planetary and regional 
weather patterns
Weather affects everything
Effects on distribution, timing, and 
sequencing of water is of paramount 
importance
Social vulnerability is rapidly increasing 
and will eventually surpass GCC as 
principal source of increased morbidity and 
mortality – the “rich never die”
High-precision, large dataset, analytic use 
of GIS technology among best tools for 
understanding distribution of risks
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